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Abstract 
Moving from selling goods to Product Service Systems (PSS) will promote coupling of environmental objectives with 
economic growth. However many difficulties hinder their implementation. Companies must rethink business models and replace 
value of exchange by value in use, involving long term relations. This paper proposes using ‘scenarios’ as a methodological tool 
to help support decisional processes when moving towards sustainable PSS. Transition scenarios formulate possible futures and 
provide a shared vision. They identify potential difficulties and help to formalize problems, reducing uncertainty for decision 
makers. This paper follows a twofold approach: theoretical and field studies in small companies. It concludes with initial 
propositions to structure scenario building in sustainable PSS. 
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1. Introduction 
Switching from the sale of goods towards Product Service 
Systems (PSS) can help couple environmental objectives with 
economic growth [1]. PSS are a potential lever for 
sustainability [2]. However, in the industrial world, many 
difficulties hinder their implementation. While some 
challenges come from customer resistance, many difficulties 
come from within the companies themselves. Companies 
must rethink their business models and evolve from 
considering value of exchange to value in use relying on long 
term relations. The transition to PSS represents a major 
challenge requiring global planning and changes in 
management practices. However, current literature does not 
adequately cover tools for assisting the process of transition 
and supporting the needs of decision making that arise. 
The project, servINNOV, funded by the French National 
Research Agency, seeks to understand the difficulties faced 
by small and middle-sized enterprises (SMEs) and to produce 
methods and tools to support the decision-making process 
while moving towards sustainable PSS. Within this 
framework, transition scenarios can help formulate possible 
futures and provide a common vision. They may not only 
support exchanges between the stakeholders concerned by the 
transition but also between the different professions within the 
company. Potential difficulties can be identified and problems 
formalized, thus helping to reduce the degree of uncertainty 
for decision makers. Scenarios have to be analyzed as 
methodological tools for decision support systems. 
The work presented in this paper follows a twofold 
approach between theory and practice. On one side 
discussions with academic partners led to the emergence of a 
theoretical framework, while at the same time, field studies 
were carried out with the industrial partners in the project. 
These studies are still under way. However work is 
sufficiently advanced to propose initial methodological 
framework for choosing scenarios that structure the transition 
towards sustainable PSS solutions. 
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The paper is organized as follows: Section 2 first starts 
with a literature review covering the move to sustainable PSS, 
decision making and scenarios. The paper then follows a 
scientific approach based on two complementary pieces of 
work: theoretical analysis and field studies. Section 3 derives 
the theoretical framework for investigation. Section 4 presents 
field studies that have been conducted in parallel with SMEs 
from the Loire region in France. Section 5 discusses the 
approach to scenario building for sustainable PSS. 
Conclusions and perspectives for the project are presented in 
Section 6. 
2. Literature Review 
The move to sustainable PSS means taking decisions and 
scenarios could be a good tool for helping in this. This section 
covers a literature review of the major concepts involved. 
2.1. Moving to Sustainable PSS 
The PSS concept emerged in the face of global problems of 
environmental sustainability. They are reputed to help resolve 
environmental and sustainability questions and they rely on 
value co-creation by the supplier and user [2,3]. 
Authors have previously examined the transition to PSS 
through case studies [4-6]. They noted that transition went 
through steps; often starting with a small part of the business 
and then extending to the whole organization [4] and that it 
covered practically the whole business structure, including 
relationships within the value network, organizational culture 
and mental models [5]. A recurrent problem identified was 
moving the business model based on transactions to a model 
based on relationships [4-6]. Sharing the responsibility for 
system performance between the provider and the user was 
also pointed out [4,5], while another major barrier to PSS was 
changing mindsets from product ownership to use [2]. 
Focusing on the transformation of society to sustainability [7] 
highlighted the lack of tools linking the micro-system of the 
company (and its process of development of products and 
services) to the expectations of society. 
Finally, literature suggests that moving to sustainable PSS 
is not a straightforward task and that companies must manage 
transition in order to achieve sustainable PSS offerings.  
2.2. Decision making 
Transition management requires making important 
decisions and that can be quite a difficult task when change is 
radical, as in the case of PSS. 
The theory of decisions was studied by Tsoukias [8]. 
Decisions are not an idealistic process and deciders never 
have a very clear idea of their problem. Their resolution often 
requires compromises and is always considerably constrained. 
Decisions are a construct and problems are not simply the 
inputs of a decision process so that the processes of defining 
and resolving problems are one and the same [8]. 
Generally, the process of transition management will cover 
two steps: sketching the future image; and realizing it [9]. The 
first step requires strategic decisions, while the second step 
covers two levels: 
x Tactical decisions concerning the medium term, affecting 
some parts of the organization and focusing on efficiency; 
x Operational decisions concerning short term, daily 
operation of the firm, focusing on survival [10]. 
2.3. Scenarios 
This section explores scenarios as a tool to support 
decisions. 
Scenarios are descriptions of possible futures that reflect 
different perspectives on the past, the present and the future 
[11]. Scientific literature has studied scenarios to improve the 
quality of decision making [12] and in transition management 
[13]. They play a role in distinguishing needs; supporting 
knowledge; integration; adaptation; cross-disciplinary issues 
and detection of early warning signals provoking strategic 
revisions [13]. Scenarios provide a full description of the 
interaction between variables of a system helping to consider 
exogenous and endogenous variables simultaneously [12]. 
They help overcome the limited rationality of decision makers 
and contribute to common representation and a common 
language [12]. Globally, narrative stories help to retain and 
process information [12]. 
Table 1. Scenario Topologies. 
Author Criteria Scenario Types 
Godet [14] 
(2000) Categories Exploratory / Anticipatory (normative) 
Van Notten 
[11] (2003) 
Project Goal 
Process Design 
Content 
Exploratory / Support decisions 
Intuitive / Formal 
Complex / Simple 
Bradfield 
[15] (2005) 
Schools of 
Techniques 
Intuitive Logics 
Probabilistic Modified Trends 
Prospective 
Borjeson [16] 
(2006) 
Principal 
Question 
Predictive (forecasts / what-if) 
Explorative (external / strategic) 
Normative (persevering / transforming) 
Gaziulusoy 
[7] (2013) Bridging Gaps Backcasting + Forecasting  
 
Different topologies of scenarios are proposed in literature. 
They are summarised in table 1. Without going into details, 
the table reveals the wide variety of scenario types that can be 
applied, depending on the desired finalities. 
Gaziulusoy notably proposed a method to support 
sustainable transformation using double-flow scenarios. Gaps 
between the present and a desired future were identified. 
Backcasting shows the paths coming backwards from the 
desired sustainable future, while forecasting clarifies the path 
for the company to follow starting with the present situation 
[7]. 
In conclusion transition applied to PSS will engage a chain 
of decision making processes involving a diversity of actors 
and covering a wide range of variables. Scenarios are a 
convenient tool for building a shared picture of the desired 
PSS and clarify the actors' interactions [17]. Several types of 
scenarios appear necessary. 
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3. Theoretical Frame for Investigation 
This section briefly presents some elements of a theoretical 
framework for investigating the use of scenarios as decisional 
support in the context of PSS transition. To propose this 
framework, we first analyze (3.1) the nature of the decisional 
situations in the context of PSS transitions; then (section 3.2) 
we provide some input on the specific phases of a decision-
making process during which scenarios could be useful; 
finally (section 3.3) we conclude on a some characteristics of 
the scenarios that could be used. 
3.1. Three Levels of Granularity and Temporality 
The three decision levels: strategic; tactical and operational 
will be used to situate the issue on a timescale and to identify 
the nature of the problems that are in play (Figure 1). 
x Strategic level 
This level concerns the future (long-term) of the SME. On this 
level questions are very open and variables have a high level 
of uncertainty. The objectives and priorities of the SME are 
defined to draw the trajectory of global innovation in the 
company. The strategic level analyses the potential of 
serviticization that will link the skills and know-how available 
in the SME to sustainable perspectives. It does not aim at a 
particular offering, and later on the SME should consider 
other PSS offerings. The key drivers have to be considered 
from sustainable economical, social and environmental 
angles. The general external context (market; local politics; 
regulations; territorial infrastructure; etc) will be considered 
along with the particular context (history; privileged 
partnerships; skill and know-how; actors networks; 
innovation; etc) of the SME. Different business models are 
possible for PSS; the more sustainable ones are result or use 
oriented [3]. However this depends on core business and 
technical possibilities. Strategic design must cover life-cycle 
perspectives. The temporality of the offer is a key factor in 
establishing long term, sustainable contracts. 
x Tactical level 
The tactical level will translate company strategy by 
focusing on a particular PSS; or inversely, it can help define 
strategy by examining more specific cases. It commits 
specific PSS (medium term) to design, compare and optimize 
solutions adapted to the strategy developed. In this way one or 
more offerings are selected and functions and their 
deployment are drawn on a global level. Here, usage is 
analyzed in life-cycle phases and scenarios will often be user 
or use oriented. All the life-cycle phases will be analyzed, 
including product, service and user life-cycles. Scenarios 
demonstrate the functions of the offer and describe activities 
linked with use. At this level the links between marketing, 
design and production are clarified to insure consistent 
activity. The potentials of the different PSS orientations are 
studied here more precisely. This helps strategy to push use 
and results further, so as to create the conditions for circular 
economies through intensified use, remanufacturing, etc. 
x Operational level 
The operational level contracts the implementation and the 
organization of the offer (short term). It describes daily 
activity in the SME. It helps organize the production of the 
offer at the level of physical objects and service unities [1]. 
This is where process and activity specification and 
optimization take place. The global architecture of the 
production and distribution systems is detailed, helping in 
understanding operations and issues concerning the value 
creation network. This level specifies implementation of the 
specific PSS offer. Scenarios describe the production of the 
PSS, concentrating on the life-cycle. Service delivery is 
specified through both front-end and back-end activities. The 
physical and virtual infrastructures involved, such as 
transport, facilities, telecoms, etc. are described here. 
3.2. Decision Making 
Any decision-making process involves several systematic 
steps [8], which will help in specifying how scenarios could 
be used as a methodological support. 
x Defining the problem 
To start, the current situation experienced by the SME 
must be clarified through 3 phases: identification of the global 
issue; identification of values; identification of interest, issues 
and opportunities linked to the question. If many problems 
emerge, it may be necessary to select the most important ones. 
x Formulation of decision choices 
According to the kind of problem, it is necessary to situate 
the strategic, tactical or operational level. This supports the 
expression of potential alternatives and consequently the 
different decisions to be made. The decision problem is 
formulated as such, together with the possible alternatives. 
 
Fig. 1. Positioning strategic, tactical and operational levels 
x Assessment model 
Finally, the assessment criteria and indicators that 
condition decisions on alternative solutions are formulated. 
This implies first determining the different (economical, 
social, environmental…) dimensions that have to be 
evaluated; then choosing criteria and indicators.  
3.3. Scenario characteristics 
In view of the results of the previous sections, we consider 
that scenarios should respond to three key decision needs 
(Problem definition, Formulation of choice and Assessment) 
for the 3 levels of granularity mentioned. However, depending 
on these levels, each scenario will use different formal models 
and evaluation methods to support the decision-making needs. 
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x Strategic level scenarios 
The high level of incertitude at a strategic level calls for 
exploratory scenarios. In this case the process of building the 
scenario is more qualitative since the exploration of future 
tendencies requires creativity and usually concerns 
alternatives that are difficult to quantify [11]. A combination 
of forecasting and backcasting is also possible [7]. 
For example an exploratory scenario for a car pooling PSS 
could explore the major evolutions caused by a new petrol 
crisis and the progressive introduction of solar-recharging 
stations for electric cars. 
x Tactical level scenarios 
As incontrollable and uncertain characteristics diminish at 
the tactical level, but interaction of the variables remains 
strong, descriptive scenarios become useful [11]. They 
describe the medium term. They are often used in the design 
of products and services and for user behaviour. 
In the example of car pooling, a tactical scenario to provide 
a common vision for design engineers and marketers could 
show how a client uses a magnetic card system to identify 
himself, open the car door and start the car. 
x Operational level scenarios 
At the operational level, normative scenarios will most 
often be applicable. Here the variables are mainly quantitative 
and physical objects; service units; actors and roles are well 
defined. The scenarios show how to obtain the desired results 
and the normative scenarios will serve to align strategy and 
management of resources with daily operation. 
In the previous example of car pooling, an operational 
scenario could specify the number and positioning of parking 
spaces for a given number of clients in one city. 
The propositions formulated here are obviously not 
restrictive and particular situations can lead to other choices. 
4. Field Studies 
Close collaboration with two companies was used to 
illustrate the theoretical framework. 
Company A is engaged in a long-term servitization 
process. This project can be characterized by the 
transformation of the offer, the business model, the internal 
skills and the organization of the company. The first objective 
of this strategic decision-making process is to understand 
value creation needs in the market potentially interested by 
the offer. 
Company B has developed a BtoB product which can be 
more efficient with a PSS offer: the industrial processes of the 
client could be faster, easier, less expensive and more 
systematic. This could help customers reduce costs; improve 
process quality and traceability conforming to legal 
constraints. 
Table 2 underlines some features of the strategic decision 
situations. The decision process is characterized by: 
- Strategic decision-making based on ‘on-going 
experimentation’, avoiding decisions made a priori and with 
only theoretical justifications. 
- Opportunities for maintaining various economic models and 
offers (PSS or not) on the market, so as to progressively 
introduce use-oriented PSS. The strategic decision making 
described above requires tactical elements of information (e.g. 
use phase of the life cycle and factors associated with value 
creation), or even operational elements (e.g. feasibility of the 
production system in the PSS offer). However, these elements 
are only briefly analyzed at this stage. 
In the case of company B, this decision-making phase had 
already been performed, leading to general strategic 
guidelines. Thus the key issues for the company were now to 
investigate the tactical and operational decision-making level. 
Table 2. Case Studies. 
 COMPANY A COMPANY B 
Market B to B B to B 
Customers Healthcare institutions (hospital, clinic) Quarry Production Plant 
Current offer: 
- Product features 
- Market features 
 
- Product features: 
o Very common product (shower head)  
o No pressing needs for a sustainable approach because of the 
low cost effect (disposable / high renewal frequency / no end 
of life management) 
o Low added value  
- Market features: 
o Globalization and low cost offers (production) from distant 
countries (China) 
o High inertia 
o Clients characterized by sets of heterogeneous decision 
makers with different rationalities (many different actors 
within the organization) 
o Customers from the private and the public spheres 
- Product features: 
o Added value in quality analysis (in situ and automated) 
during the material extraction process 
o Improved monitoring of performance indicators 
- Market features: 
o Difficulties related to the ownership of the product by 
customers 
o Quality certification required for the product 
o Regulatory development of a new market  
Key PSS issues 
for the top 
manager 
- Strategic thinking process: collect relevant information on a 
potential market interested by a PSS offer 
- At this strategic level of decision, the operational 
configuration of the offer is out of scope 
Internal strategic analysis already done, with viewpoints of 
different actors in the executive committee 
Tactical analysis required for the configuration of the offer and 
the calibration of services associated 
Operational analysis required on the internal transformation of 
the organization (competencies, processes, organization…) 
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Table 3. Company A: Strategic Level. 
SCENARIO 1 : STRATEGIC level (Company A) 
Situation, challenges, decision factors 
- Necessity of identifying the differentiating factors of added value for the PSS compared to the existing offer: 
▪ Economic factors: they are not always positive (e.g. more expensive product in the manufacturing phase) 
▪ Societal factors : impacts on health level of end-users 
▪ Qualitative added value: traceability and / or quality assurance that can be improved with PSS 
- Necessity of analyzing different sensibilities to decision factors of the different actors within the client organization. 
- Need to implement a decision making process that overcomes the heterogeneity of client actors’ views  
- Need to change the behaviour and decision criteria of financial institutions 
ALTERNATIVES EVALUATION CRITERIA 
Determine the trajectory of the innovation business for several years, with 
several possible scenarios of progressive deployment of the PSS offer.  
- Economic: economic results of a company 
- Social / Societal:  
o Health of the end customer : significant and quantitative improvements  
- Raising client awareness of environmental criteria:  
o Management values 
o Sustainability impacts for customers: water and energy saving 
 
Company A finds difficulties convincing clients (hospitals) 
of the sustainable interest of the PSS. Economies are made in 
one service while the cost is supported by another. One 
solution is to introduce simpler intermediate products to 
gradually convince the clients. Explorative backcasting 
scenarios can help to illustrate different strategies. Criteria for 
choice would be successful introduction of sustainable 
awareness and effective decision-making by the clients.     
Table 4. Company B: Tactical Level. 
SCENARIO 2 : TACTICAL level (Company B) 
Situation, challenges, decision factors 
- The configuration of the offer  and the level of services must consider capacity, industrial processes and economic analysis 
- Service contracts must be established on the basis of risk analysis concerning the targeted market, the manufacturing processes, as well as the service 
production processes associated to the alternative PSS configurations 
ALTERNATIVES EVALUATION CRITERIA 
- Alternative configurations of PSS offers 
- Alternative configurations of the market 
- Alternative configurations of the production processes 
Priority is given to: 
- Economic factors in decision making 
- Industrial performance factors (e.g. technical constraints such as capacity) 
Sustainable dimension in a long-term vision: 
- Included naturally in the current offer: end of life and multiple use 
-  Perceived through longer lifetime of the material 
 
Company B faces a tactical level problem to determine the 
offer and establish contracts. A scenario describing schedules 
in typical work-days of the maintenance team and the types of 
interventions performed will help clarify the work-load 
induced by PSS offers as compared to product sale. Criteria 
could include down-time of machines and distances travelled. 
Table 5. Company B: Operational Level. 
SCENARIO 3 : OPERATIONAL level (Company B) 
Situation, challenges, decision factors 
- What are the charges induced by the PSS offer and the customers use behaviour in business activity? 
- Outsource or develop new activities: what criteria for decision making?  
- How to share cost, revenue and risk between the different stakeholders? 
- What new internal careers for service provision and / or industrial production should be developed? What changes in the company’s business processes? 
- What information technologies (IT) are needed for the business processes? 
ALTERNATIVES EVALUATION CRITERIA 
- Impact of introducing life cycle throughout the productive network 
- Networks Partnership 
- Rules of revenue sharing 
- Industrial, environmental and economic performance factors  
- Quality of Service (QoS) for the customer 
- Risk Management 
 
The operational level will also be questioned by B as time 
goes on. Normative scenarios will help analyze modalities for 
internal transformations. They could for instance be used to 
portray differences in terms of cost, environmental impact and 
QoS when outsourcing a new IT monitoring system. 
 
The scenarios are used to discuss alternative perspectives 
in different contexts. The scenarios help the companies 
understand the possible trajectories to reach their goals.  
The case studies highlight some initial conclusions: 
- Each type of scenario can be described using generic 
features independent of the context: evaluation criteria, 
descriptive models of alternatives ... 
- The scenarios are used to explicit different possibilities 
and evaluate them by using different parameters. 
- The scenarios are complementary and should be used in 
interaction with one another. 
127 Alan Lelah et al. /  Procedia CIRP  16 ( 2014 )  122 – 127 
5. Discussion 
Scenarios can be used to support PSS transition, 
apprehending necessary transformations and preparing change 
within the SME or with partners, clients and even society. 
They illustrate possible futures, making it easier to understand 
the PSS paradigm. PSS will only succeed when all the 
necessary components are in place. Scenarios help identify the 
most important risks during transition. They can be a lever to 
integrate the concepts of usage and sustainability. The issue 
here is to cross knowledge at the borders of the different fields 
of expertise because PSS involve different skills and 
professions in and beyond the company. 
The SME intending to move to PSS will clarify its’ 
approach to produce a common vision, internally and, for 
many aspects, externally. At first the SME must formulate the 
problem it faces. Needs are expressed at one particular time 
and would, and should, change as the SME progresses. The 
importance is therefore to help the SME advance in its 
understanding of PSS at a given time and open new 
possibilities. Once the question is identified, work can begin 
to deepen reflexion, crossing the issue with sustainable 
considerations so as not to reduce things, for example, to only 
economical considerations. This is probably one of the most 
important and creative stages during the scenario building 
process that can open new perspectives for thought. Next the 
time scale to be considered will be determined and the 
appropriate scenario type adapted to the particular situation. 
Alternative situations can be proposed when necessary. From 
here, criteria to guide choices are determined and the actual 
scenarios built. The final scenarios could be in the form of 
graphs or a table. Stories in a short film, paperboard or slide 
display are also commonly used. These later may be used to 
address a larger heteroclite public or multidisciplinary teams 
that use different languages with different points of view. 
Different forms of the final scenarios are therefore possible. 
6. Conclusions and Perspectives 
Scenarios can be used to guide a company, especially an 
SME, to clarify its vision and make the right decisions to 
support the transition to PSS, in line with sustainable strategy 
adapted to its specific context. Two axes guide the 
construction of scenarios: decision theory and scenario 
typologies. The choice will go to scenarios reposing on 
sustainability and value co-creation that best respond to the 
needs expressed by the SME in order to progress in its 
understanding of PSS. 
This paper explored the question of how to engage in the 
construction of scenarios in line with company needs. After 
posing the problem of transition, we examined decision 
making theories and scenarios typology. Combing these 
issues, we explored possibilities of applying scenarios to 
support decision making and progress towards sustainable 
PSS. A case study conducted in parallel on two SMEs 
supported the propositions. 
This work recommends qualitative exploratory scenarios to 
help strategic decision-making; descriptive scenarios to 
support tactical decision-making; normative scenarios for 
operational decision-making. The scenarios can combine 
sustainable considerations and integrate specific PSS issues 
like business model; product, service and user life-cycles. 
In the work presented here, two case studies illustrated the 
propositions. They provided initial field support to the 
method. Future work must test the full methodology and 
strengthen the approach particularly for sustainable issues. 
This is planned in the oncoming phases of the project. 
It is worthwhile noting that although the study was limited 
to SMEs, the hypothesis used would probably apply to larger 
companies. This hypothesis could also be tested in the future. 
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